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What is claimed is: 



A compound comprising the structure: 
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wherein B is H^a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, an aromatic moiety, a DNA intercalator, a 
nucleobase-binding gtoup, a heterocychc moiety, or a reporter group, 
wherein amino groups w^, optiojj^lly, protected by amino protecting 
groups; 



11 



wherein A is a group of formula (lb), or (Ic); 
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wherein r and 5 are, for 1(a) and 1(b), independently of one another, 
values from 0 to 5 and are, for 1(c), independentl\of one another, 
values from 1 to 5; 
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wherein each and eachR^ is, independently, hydrogen, (Ci - 
Cmlkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci 
C6)aikyl, hydroxy, alkoxy, alkylthio, amino, or halogen; 

wherein 6ach of R^, R"^, and R^, is, independently, hydrogen, 
(Ci -C6)alwl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkylV hydroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino acid side chain; 

Y is a single bond, O, S, or NR"^; and 

X is O, S, Se, NR^ Ch\ or C(CH3)2; 



wherein R^ is hydrogen, (Ci -C6)alRvl, mdroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, am, aralkyl, heteroaryl, or an amino 
acid side chain; \ 

wherein R^ is hydrogen, (Ci -C6)alkyl, hydrbxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, 
aryl, aralkyl, heteroaryl, or halogen, and R^ is hydrogen, (Ci -Ce) alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted\Ci -C6)alkyl, aryl, 
aralkyl, or heteroaryl; \ 
or R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio- 
substituted (Ci -C6)alkyl, alkoxy, aryl, aralkyl, or heteroaryl, and R is 
hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxy-, amino-, or alwthio- 
substituted (Ci -C6 )alkyl, hydroxy, alkoxy, alkylthio, aminoVaryl, aralkyl, 
heteroaryl, or halogen; \ 

wherein R^ is hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxy-, amino-,Vr 
alkythio-substituted (Ci -Ce )alkyl, alkoxy, aryl, arylkyl, or heteroarw 
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/herein each of R*^ and R^^ is, independently, hydrogen, (Ci -C6)alkyl, 
hyoroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -Ce )alkyl, aryl, 
aralkyl. heteroaryl, or an amino acid side chain; 



wherein D is a protecting group compatible with the conditions of ester, 



amide, or pho^honoester bond formation, R^^, or NR^^R*^; 



10 



15 



wherein E is O', OUH3, a protecting or activating group compatible with 

\ , 20 20 21 

ester, phosphoester, orphosphonoester bond formation, R , NR R , or 



0R^°; and 



wherein each R*^, R^^,R^^, ands^^ is, independently, hydrogen, 
(Cl-C6)alkyl, an amino protecting group, a reporter group, an intercalator, 
a chelator, a peptide, a protein, a carbohydrate, a lipid, a steroid, a 
nucleotide or oligonucleotide, or a soluble or nonsoluble polymer. 



2. The compound of claim 1, wherein D is a protectingvgroup selected from the 
group consisting of DMTr, MMTr, Tr, TBDMS, or tetf^dropyranyl. 

20 3. The compound of claim 2, wherein E is O", OH, or OCH3. 

4. The compound of claim 1, wherein B is a nucleobase. 



25 



The compound of claim 4, wherein B is a naturally-occuring nucleobase 



30 
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A compound comprising the structure: 
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wherein B isvH, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, an aromatic moiety, a DNA intercalator, a 
nucleobase-binding group, a heterocyclic moiety, or a reporter group, 
wherein amino groins are, optionally, protected by amino protecting 
groups; 



wherein A is a group of fornuila (la), (lb), or (Ic); 
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wherein r and s are, for 1(a) and 1(b), inde^ndently of one another, 
values from 0 to 5 and are, for 1(c), independently of one another, 
values from 1 to 5; 

wherein each and eachR^ is, independently, h^ogen, (Ci - 
C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-subS^ituted (Ci - 
C6)alkyl, hydroxy, alkoxy, alkylthio, amino, or haloger 
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/herein each of R^, R"*, and R^, is, independently, hydrogen, 
(Oi -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci \C6)alkyl, hydroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an ammo acid side chain; 

Y is a single bond, O, S, or NR"^; and 

X is O, S, Se,W, CH2, or €(^3)2; 



10 



wherein R^ is hydrogen, (C\ -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C^alkyl, aryl, aralkyl, heteroaryl, or an amino 
acid side chain; 



15 



20 



wherein R^ is hydrogen, (Ci -C6)alkyl, h/djroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, h^dr|}^alkoxy, alkylthio, amino, 
aryl, aralkyl, heteroaryl, or halogen, and R^ is hydrogen, (Ci -C6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, or heteroaryl; 

or R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, Vlkoxy-, amino-, or alkythio- 
substituted (Ci ~C6)alkyl, alkoxy, aryl, aralkyX or heteroaryl, and R^ is 
hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxy-, ainino-, or alkythio- 
substituted (Ci -Ce )alkyl, hydroxy, alkoxy, alkyl^jio, amino, aryl, aralkyl, 
heteroaryl, or halogen; 



25 



wherein R^ is hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxV, amino-, or 
alkythio-substituted (Ci -€5 )alkyl, alkoxy, aryl, arylkyl, or heteroaryl; 



30 



wherein each of R*^ and R^^ is, independently, hydrogen, (Ci VC6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6 )alky^ aryl, 
aralkyl, heteroaryl, or an amino acid side chain; 
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irtierein each each of R^^ and R*^ is, independently, hydrogen, (Ci -Ce ) 
alk^l, hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -Ce )alkyl, 
hydroW, alkoxy, alkythio, aryl, aralkyl, or heteroaryl; 

wherein d\s a protecting group compatible with the conditions of 

\ 1 1 S 1 0 

phosphonoester or phosphonamide bond formation, R , or NR R ; 



10 



15 



□ 
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id 

y 20 
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wherein E is a protecting or activating group compatible with ester, 
phosphoester, or pho^honoester bond formation, 
0-,r2°, NR2°R2»,orO^^;and 

wherein each R'*, R",R^°, aJ^ ^*fs, independently, hydrogen, 
(Cl-C6)alkyl, an amino protecthig group, a reporter group, an intercalator, 
a linker, a chelator, a peptide, a protein, a carbohydrate, a lipid, a steroid, a 
nucleotide or ohgonucleotide, or a soluble or nonsoluble polymer. 

The compoimd of claim 1, wherein D is a protectmg group selected from the 
group consisting of DMTr, MMTr, Tr, TBDMS, or Mraydropyranyl. 

The compoimd of claim 2, wherein E is O', OH, l-oxydo\-methoxy-2- 
picolyloxy, phenoxy, 2-methylphenoxy, or 2-cyanoethoxy. 



9. The compound of claim 1, wherein B is a nucleobase. 



25 10. The compound of claim 3, wherein B is a naturally-occuring nucleobasfe. 
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A compound comprising the structure: 
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wherein B i^, a natxirally occurring nucleobase, a non-naturally 
occurring nucletobase, an aromatic moiety, a DNA intercalator, a 
nucleobase-binding group, a heterocyclic moiety, or a reporter group, 
wherein amino group§ are, optionally, protected by amino protecting 
groups; 



wherein A is a group of formula (la), (lb), or (Ic); 
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wherein r and ^ are, for 1(a) and 1(b), independently of one another, 
values from 0 to 5 and are, for 1(c), independently of one another, 
values from 1 to 5; 

wherein each R' and eachR^ is, independently, hjMrogen, (Ci - 
C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-subWituted (Ci - 
C6)alkyl, hydroxy, alkoxy, alkylthio, amino, or halogenJi 
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wherein each of R^, R"*, and R^, is, independently, hydrogen, 
(a -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci YC6)alkyl, hydroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino acid side chain; 

Y is a single bond, O, S, or NR"^; and 

X is O, S, S\e, NR^ CH2, or C(CH3)2; 

wherein R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci YC6)alkyl, aryl, aralkyl, heteroaryl, or an amino 
acid side chain; 

wherein R^ is hydrogen, (Ci VC6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, 
aryl, aralkyl, heteroaryl, or halogen, and R^ is hydrogen, (Ci -Ce) alkyl, 
hydroxy-, alkoxy-, amino-, or alkjrthio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, or heteroaryl; \ 

or R^ is hydrogen, (Ci -C6)alkyl, hyaSroxy-, alkoxy-, amino-, or alkythio- 
substituted (Ci -C6)alkyl, alkoxy, arylXaralkyl, or heteroaryl, and R^ is 
hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxy-, amino-, or alkythio- 
substituted (Ci -Ce )alkyl, hydroxy, alkow, alkylthio, amino, aryl, aralkyl, 
heteroaryl, or halogen; \ 

wherein R^ is hydrogen, (Ci -Ce )alkyl, hydro^V** alkoxy-, amino-, or 
alkythio-substituted (Ci -Ce )alkyl, alkoxy, aryl,\arylkyl, or heteroaryl; 

wherein each of R^^ and R^* is, independently, hydrogen, (Ci -C6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (C\ -Ce )alkyl, aryl, 
aralkyl, heteroaryl, or an amino acid side chain; \ 
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erein each each of R^*^ and R*^ is, independently, hydrogen, (Ci -C^ ) 
alk^i, hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -Ce )alkyl, 
hydroxy, alkoxy, alkythio, aryl, aralkyl, or heteroaryl; 



wherein D is a protecting group compatible with the conditions of 

\ 1 R 1 R 1 0 

phosphonoestV or phosphonamide bond formation, R , or NR R ; 



10 



15 



wherein E is a proffecting or activating group compatible with ester, 
phosphoester, or phostohonoester bond formation. 



0-,R'^ NR'°R2',orO^';and 



a 



wherein each R^^, R^^, R^^, and R^^ is, independently, hydrogen, 
(Cl-C6)alkyl, an amino protective group, a reporter group, an intercalator, 
a chelator, a Unker, a peptide, a protein, a carbohydrate, a hpid, a steroid, a 
nucleotide or oligonucleotide, or a sohible or nonsoluble polymer. 



20 



12. The compound of claim 1, wherein D is a protecting group selected from the 
group consisting of DMTr, MMTr, Tr, TBDMS, or tefraydropyranyl. 

13. The compound of claim 2, wherein E is O", OH, l-oxydo-\methoxy-2- 
picolyloxy, phenoxy, 2-methylphenoxy, or 2-cyanoethoxy. 



25 



14. The compound of claim 1, wherein B is a nucleobase. 



15. The compound of claim 3, wherein B is a naturally-occuring nucleobase 
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A compound comprising the structure: 
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wherein K.is H, a naturally occurring nucleobase, a non-naturally 
occurring niicleobase, an aromatic moiety, a DNA intercalator, a 
nucleobase-binding group, a heterocyclic moiety, or a reporter group, 
wherein amino groups are, optionally, protected by amino protecting 
groups; 



wherein A is a group of formula (la), (lb), or (Ic); 
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wherein r and s are, for 1(a) and 1(b), inatoendently of one another, 
values from 0 to 5 and are, for 1(c), independently of one another, 
values from 1 to 5; 
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wherein each and each is, independently, hyd^gen, (Ci - 
C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substthited (Ci 
C6)alkyl, hydroxy, alkoxy, alkylthio, amino, or halogen; 
wherein each of R^, R"*, and R^, is, independently, hydroger 
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(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substitute^ 
(Ci -C6)alkyl, hydroxy, alkoxy, amino, aryl, aralkyl, heteroa^l, or 
an amino acid side chain; 



Y is a single bond, O, S, or NR ; and 
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15 



X is O, S, Se, NR^ CH2, or C(CH3)2; 

wherein each of R^^, R^^, R^"*, and R^^, is, independeirf^^, hydrogen, (Ci -Ce ) 
alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substi;mted (Ci -Ce )alkyl, hydroxy, 
alkoxy, alkylthio, amino, aryl, aralkyL heteroam, or halogen; 



a 



wherein each of R^^ and R^^, is, independently, hydrogen, (Ci -Ce )alkyl, 
hydroxy-, alkoxy-, amino-, or alkythi94ubstituted (Ci -C6 )alkyl,aryl, aralkyl, or 
heteroaryl; 



20 



wherein E is a protecting or ^tivating group compatible with the conditions of 

tide 
OR'^; 



9ft 90 91 

amide, phosphonoamide,>or phosphonoester bond formation, O', R , NR R , or 



wherein G is a protecting group compatible with the conditions of 



. 9ft 

phosphonoester, phospho- or phosphonoamide bond formation, or R ; 



25 



wherein T is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio- 
suMituted (Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, aryl, aralkyl, heteroaryl, or 
amino acid side chain; and 
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Vherein each R^^, R^^, R^^, and R^^ is, independently, hydrogen, 
(Cl-^S^alkyl, an amino protecting group, a reporter group, an intercalator, a 
chelator, a>lmker, a peptide, a protein, a carbohydrate, a lipid, a steroid, a 
nucleotide or oUgonucleotide, or a soluble or nonsoluble polymer. 

The compound of claim 2>sWherein E is CX.OH, l-oxydo-4-methoxy-2- 
picolyloxy, phenoxy, 2-:methyl^enoxy, /r£-cyanoethoxy. 

The compound of claim 16, wherein G i^>l^drogen, DMTr, MMTr, Tr, or Fmoc. 

The compound of claim 16, wherein T is hydrogens. 

The compound of claim 16, wherein B is a nucleobase. 



The compoimd of claim 20, wherein B is a naturally-occuring nucleoba: 
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A compound comprising the structure: 
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wherein B is H, a naturally occurring nucleobase, a non-naturally 
occurring nucleobase, an aromatic moiety, a DNA intercalator, a 
nucleobase-bindmg group, a heterocyclic moiety, or a reporter group, 
wherein amino groups are, optionally, protected by amino protecting 
groups; 



a 



wherein A is a group of formula (la), (lb), or (Ic); 
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wherein r and s are, for 1(a) and 1(b), independently of one another, 
values from 0 to 5 and are, for 1(c), independei^tly of one another, 
values from 1 to 5; 
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wherein each and eachR^ is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-suDStituted 
(Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, or halogef 
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wherein each R^, R"^, and R^, is, independently, hydrogen, 
(C\-C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -^6)alkyl, hydroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino acid side chain; 



X is O, S, Se, Nk^ CH2, or C(CH3)2; 

wherein R^ is hydrogen, (Ci VCa )alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C^ Mkyl, hydroxy, alkoxy, alkylthio, amino, 
aryl, aralkyl, heteroaryl, or an amino apia side chain; 



wherein each of R^, R^, and R^ is, in^pendently, hydrogen, 

(Ci -C6 )alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 

(Ci -C6 )alkyl, aryl, aralkyl, heteroaryl, oVan amino acid side chain; 

wherein D is a protecting group compatible with the conditions of ester, 

1 8 \_ 18 19 

amide, or phosphonoester bond formation, R , NR R ; 

wherein E is O", a protecting group compatible withVster, phosphoester, 
or phosphonoester bond formation, R^^, NR^^R^\ or OR^^; and 

wherein each R^^, R^^,R^^, and R^^ is, independently, hydrCygen, 
(Cl-C6)alkyl, an amino protecting group, a reporter group, aXintercalator, 
a chelator, a linker, a peptide, a protein, a carbohydrate, a lipid,\ steroid, a 
nucleotide or oligonucleotide, or a soluble or nonsoluble polymeK 



Y is a singlXbond, O, S, or NR"^; and 
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23. The compound of claim 22, wherein D is a protecting group selected from tb/ 
group consisting of DMTr, MMTr, Tr, TBDMS, or tetraydropyranyl. 

24. The compound of claim 22, wherein E is O", OH, or OCH3. 

25. The compoimd of claim 22, wherein B is a nucleobase. 

26. The compound of claim 23, wherein B is a naturally-occuri/g nucleobase. 




15 27 . A compound comprising the structure 
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wherein o/ch B^ and each B^ is, independently, H, a naturally occurring 
nucleobase, a non-naturally occurring nucleobase, an aromatic moiety, a 
DNA/intercalator, a nucleobase-binding group, a heterocyclic moiety, or a 
reporter group, wherein amino groups are, optionally, protected by amino 
Protecting groups; 
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wherein each of A' and is, independently, a group of formula (la), (lb) 
or(Ic); 
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wherein r and 5 are, for 1(a) and 1(b), independently of one another, 
values from 0 to 5 and are, for 1(c), ind^endently of one another, 
values from 1 to 5; 



wherein each and eachR^ is, independently, hydrogen, 

(Ci -C6)alkyl, hydroxy-, alkMy-, amino-, or alkythio-substituted 

(Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, or halogen; 



15 



wherein each R^, R'*,ymid R^, is, independently, hydrogen, 
(Ci -C6)alkyl, hydj^xy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, iWdroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino acidrside chain; 
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Y is a single bond, O, S, or NR ; and 



X 1/0, S, Se, NR', CH2, or C(CH3)2; 



25 



wherefn R*^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alk^hio-substituted (Ci -C6)alkyl, aryl, aralkyl, heteroaryl, or an amino 
:id side chain; 
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rfierein is, hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alk^io-substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, 
aryl, amlkyl, heteroaryl, or hydrogen, and is hydrogen, (Ci -Ce) alkyl, 
hydroxA alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, or heteroaryl; 

or R^ is hydroken, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio- 
substituted (Ci -^6)alkyl, aryl, aralkyl, or heteroaryl, and R^ is hydrogen, 
(Ci -C6 )alkyl, hycftoxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6 )alkyl, hydroxy, alkoxy, alkylthio, amino, aryl, aralkyl, heteroaryl, 
or halogen; 



wherein R^ is hydrogen, (Ci -^6 )alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6 )alKVl, alkoxy, aryl, arylkyl, or heteroaryl; 



15 



wherein each of R^^ and R^^ is, indepaidently, hydrogen, (Ci -C6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, heteroaryl, or an amino acid side cnain; 



20 



wherein each R^^ R^\ R^^ R*^ R^^ and R^^ is, iridependently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkytmo-substituted 
(Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, aryl, aralky\heteroaryl, or an 
amino acid side chain; 
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wherein D is a protecting group compatible with the condition^ of ester, 
amide, or phosphonoester bond formation, R*^, orNR^^R^^; 



wherein E is O', a protecting or activating group compatible with estefe 
phosphoester, or phosphonoester bond formation, R^^, NR^^R^\ or OR"" 
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wherein T is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino- 
alkythio-substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkylthio,yafyl, 
aralkyl, heteroaryl, or an amino acid side chain; and 



wherein each R^^, R^^, and R^^ is, independent)^ hydrogen, 
(Cl-C6)alkyl, an amino protecting group, a reM«er group, an intercalator, 
a chelator, a linker, a peptide, a protein, a c^ohydrate, a Upid, a steroid, a 
nucleotide or oligonucleotide^ or a soluWe or nonsoluble polymer. 



10 28. The compound of claim 27, whereifc^Tis a protecting group selected from the 
group consisting of DMTr, MMTrJIr, TMDMS, or tetrahydropyranyl. 



29. The compound of claim 27y^herein E is O*, OH, or OCH3. 



15 30. The compound of dmm 27, wherein T is hydrogen. 



3 1 . The compouiW of claim 27, wherein at least one of and is a nucleobase. 
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32. The^mpound of claim 3 1 , wherein at least one of B* and B^ is a naturally- 
xurring nucleobase. 



25 
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A compound comprising the structure: 
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wherein each B^mid each B is, independently, H, a naturally occurring 
nucleobase, a non-naturally occurring nucleobase, an aromatic moiety, a 
DNA intercalator, a nucleobase-binding group, a heterocyclic moiety, or a 
reporter group, wherein a^iinogr^ups are, optionally, protected by amino 
protecting groups; 



wherein each of A' and A^ is, ind^endently, a group of formula (la), (lb), 
or(Ic); 
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wherein r and 5 are, for 1(a) and 1(b), independently of one another, 
values from 0 to 5 and are, for 1(c), independently of on^ another, 
values from 1 to 5; 
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wherein each and eachR^ is, independently, hydroge^ 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythioysubstituted 
(Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, o/halogen; 

wherein each R"^, R"*, and R^, is, independently^hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or/alkythio-substituted 
(Ci -C6)alkyl, hydroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino acid side chain; 



10 



Y is a single bond, O, S, or NR"^; 
X is O, S, Se, NR^ CH2 



15 



wherein R^ is hydrogen, (Ci -C6)aJJcyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alk^, aryl, aralkyl, heteroaryl, or an amino 
acid side chain; 



20 



25 



30 



wherein R^ is, hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci/MI!6)alkyl, hydroxy, alkoxy, alkylthio, amino, 
aryl, aralkyl, heteroaiyi, or hydrogen, and R^ is hydrogen, (Ci -Ce) alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, or heteroiuyl; 

or R^ is hydro oen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio- 
substituted (Ofi -C6)alkyl, aryl, aralkyl, or heteroaryl, and R^ is hydrogen, 
(Ci -C6 )alfeyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -Ce )Hlkyl, hydroxy, alkoxy, alkylthio, amino, aryl, aralkyl, heteroaryl, 
or hal94en; 

wherein R^ is hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxy-, amino-, or 
ilkythio-substituted (Ci -C6 )alkyl, alkoxy, aryl, arylkyl, or heteroaryl; 
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wherein each of R'^ and R^^ is, independently, hydrogen, (Ci -C6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -Cajalkyl, aryl, 
aralkyl, heteroaryl, or an amino acid side chain; 

where\n each R^^, R'^ R^^ R^^ R^^ and R^^ is, independently, hydrogen, 
(Ci -C^alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -CeAlkyl, hydroxy, alkoxy, alkylthio, aryl, aralkyl, heteroaryl, or an 
amino acid side chain; 

wherein G is V protecting group compatible with the conditions of ester, 

\ 1 R 1 8 1 Q 

amide, or phosjphonoester bond formation, R , or NR R ; 

wherein E is O", a pritdcMng or activating group compatible with ester, 
phosphoester, or phosphonoester bond formation, R , NR R , or OR ; 

wherein T is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (C\ -C6)alkyl, hydroxy, alkoxy, alkylthio, aryl, 
aralkyl, heteroaryl, or amamino acid side chain; and 

wherein each R^^, R^^, R^^,Wd R^* is, independently, hydrogen, 
(Cl-C6)alkyl, an amino protecting group, a reporter group, an intercalator, 
a chelator, a linker, a peptide, V protein, a carbohydrate, a lipid, a steroid, a 
nucleotide or oligonucleotide, 5)r a soluble or nonsoluble polymer. 

The compound of claim 33. wherein G is aprotecting group selected from the 
group consisting of DMTr, MMTr, Tr. TMDMS, or tetrahvdropvranvl. 

The compound of claim 33, wherein E is O', Oft, or OCH3. 

The compound of claim 33, wherein T is hydrogem 
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i7. The compound ofclaim 33, wherein at least one of B andB is a nucleobase. 



38. \ The compound ofclaim 37, wherein at least one of B andB is a naturally- 



:curring nucleobase. 
39. A compound comprising the stracture: 
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wherein each of and B\is, independently, H, a naturally occurring 
nucleobase, a non-naturally Csiccurring nucleobase, an aromatic moiety, a 
DNA intercalator, a nucleobase^inding group, a heterocyclic moiety, or a 
reporter group, wherein amino groups are, optionally, protected by amino 
protecting groups; 



wherein each of and is, independently, a group of formula (la), (lb), 
or (Ic); 
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1(a) 



1(b) 
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wherein r and s are, for 1(a) and 1(b), independently of one anothe 
values from 0 to 5 and are, for 1(c), independently of one anott 
values from 1 to 5; 



10 



wherein each and eachR^ is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythi94ubstituted 
(Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, c/r halogen; 
wherein each R^, R"*, and R^, is, independently, iiydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or ^ythio-substituted 
(Ci -C6)alkyl, hydroxy, alkoxy, amino, ar^ aralkyl, heteroaryl, or 
an amino acid side chain: 



Y is a single bond, O, S, or ^ 



15 



X is O, S, Se, NR\ CH2, or CCCH^)!; 



20 



25 



30 



wherein R^ is hydrogen, (Ci -Ce/alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)^l*yl, aiyl? aralkyl, heteroaryl, or an amino 
acid side chain; 

wherein R^ is, hydrogm, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted/Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino, 
aryl, aralkyl, heteroaryl, or hydrogen, and R is hydrogen, (Ci ~C6) alkyl, 
hydroxy-, alko^-, amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, or hexeroaryl; 

or R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio- 
substituted (Ci -C6)alkyl, aryl, aralkyl, or heteroaryl, and R^ is hydrogen, 
(Ci -tC6 )alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(C/ -Ce )alkyl, hydroxy, alkoxy, alkylthio, amino, aryl, aralkyl, heteroaryl, 
halogen; 
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wherein R^is hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxy-, amino-, or 
alWthio-substituted (Ci -Ce )alkyl, alkoxy, aryl, arylkyl, or heteroaryl; 

wheredn each of R^^ and R^* is, independently, hydrogen, (Ci -C6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -Cejalkyl, aryl, 
aralkyl, heteroaryl, or an amino acid side chain; 

wherein each of R^^R*^R^^R^^R^^ andR^^is, independently, hydrogen, 
(Ci -C6)alk3d, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl\ hydroxy, alkoxy, alkylthio, aryl, aralkyl, heteroaryl, or an 
amino acid side^chain; 

wherein D is a protecting group compatible with the conditions of ester, 
amide, or phosphon&ester bond formation, R^^, or NR^^R^^; 



wherein E is O', a protecting or Activating group compatible with ester, 
phosphoester, or phosphcmoester bond formation, R , NR R , or OR ; 

wherein T is hydrogen, (Ci ^6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)aikyl, hydroxy, alkoxy, alkylthio, aryl, 
aralkyl, heteroaryl, or an amino acid side chain; and 

wherein each R^^, R^^,R^^, and R^^s, independently, hydrogen, 
(Cl-C6)alkyl, an amino protecting group, a reporter group, an intercalator, 
a chelator, a linker, a peptide, a protein^ a carbohydrate, a lipid, a steroid, a 
nucleotide or oligonucleotide, or a soluble or nonsoluble polymer. 

The compound of claim 39, wherein D is a protectmg group selected from the 
group consisting of DMTr, MMTr, Tr, TMDMS, or tetrahydropyranyl. 

The compound of claim 39, wherein E is O', OH, l-oxyfflo-4-methoxy-2- 
picolyloxy, phenoxy, 2-methylphenoxy, or 2-cyanoethoxA 
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The compound of claim 39, wherein T is hydrogej 

The compound of claim 39, wherein at least ojre of and is a nucleobase. 

The compound of claim 43, wherein at lea^ one of B and B is a naturally- 
occurring nucleobase. 



A compound comprising the structiffe: 
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wherein^each B^ and each B^ is, independently, H, a naturally occurring 
nuclecfbase, a non-naturally occurring nucleobase, an aromatic moiety, a 

intercalator, a nucleobase-binding group, a heterocyclic moiety, or a 
re/orter group, wherein amino groups are, optionally, protected by amino 
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wherein each of A* and is, independently, a group of formula (la), (Jy), 
orac); 
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i.n 
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wherein r and j are, for 1(a) and 1(b), independently of one another, 
values from 0 to 5 and are, for 1(c), independently of one another, 
values from 1 to 5; 



wherein each and eachR"^ is/independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxy, aUcoxy, alkylthio, amino, or halogen; 



15 



wherein each RVand R^, is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino acm side chain; 



20 



Y is a sjAgle bond, O, S, or NR ; and 
X>^ O, S, Se, NR^ CH2, or C(CH3)2; 



25 



wherein R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, aryl, aralkyl, heteroaryl, or an amino 
acid side chain; 
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15 



20 



25 



wherein is, hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or / 
alkythio-substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, amino/ 
aryl, aralkyl, heteroaryl, or hydrogen, and is hydrogen, (Ci -CeValkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl/aryU 
aralkyl, or heteroaryl; / 
or R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amincy; or alkythio- 
substituted (Ci -C6)alkyl, aryl, aralkyl, or heteroaryl, and^^ is hydrogen, 
(Ci -Ce )alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -Ce )alkyl, hydroxy, alkoxy, alkylthio, amino, awl, aralkyl, heteroaryl, 
or halogen; / 
wherein R^ is hydrogen, (Ci -Ce )alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -Ce )alkyl, ^oxy,^^l, arylkyl, or heteroaryl; 



wherein each of R^*^ and R^^ is, independently, hydrogen, (Ci -C6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, heteroaryl, or an amino acia side chain; 

wherein each R^^ R^\ R^^ R^y(R^^ andR^^ is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxy, a)Koxy, alkylthio, aryl, aralkyl, heteroaryl, or an 
amino acid side chain; / 

wherein G is hydrogen, a protecting group compatible with the conditions 
of ester, amide, err phosphonoester bond formation or R ; 

wherein E i/O", a protecting or activating group compatible with amide or 
phosphonAide bond formation, R^^ NR^^R^^ or OR^^ 

wher^n Q is O", a protecting or activating group compatible with the 
conditions of amide, ester, phosphonoester, and phosphonamide bond 
^rmation or OR^^; and 




169 



rfierein each R^^ R*^,R^°, and R^^ is, independently, hydrogen, (Cl- 
Co^alkyl, an amino protecting group, a reporter group, an intercalator, a 
chelator, a Hnker, a peptide, a protein, a carbohydrate, a lipid, a steroid, a 
nucleotide or oligonucleotide, or a soluble or nonsoluble polymer. 

The compound of claim 45, wherein G is a protecting group selected from the 
group consisting of DMTr, MMTr, Tr, TMDMS, or tetrahydropyranyl. 

The nucleotide analogue of claim 45, wherein E is O", OH, or or OCH3. 

The compound of claim 45, whemn Q is O", OH, l-oxydo-4-methoxy-2- 
picolyloxy, phenoxy, 2-methylphenoxy, or 2-cyanoethoxy. 
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The compound ofclaim 45, wherein at lel^tloBjf of B andB is a nucleobase. 



The compound of claim 49, wherein at least on^ of B and B is a naturally- 
occurring nucleobase. 



A compound comprising the structure: 
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^herein each and each is, independently, H, a naturally occurring 
nucleobase, a non-naturally occurring nucleobase, an aromatic moiety, a 
Dim intercalator, a nucleobase-binding group, a heterocyclic moiety, or a 
repoW group, wherein amino groups are, optionally, protected by amino 
protecting groups; 

wherein \ach of and is, independently, a group of formula (la), (lb), 
or(Ic); 
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wherein r and 5 are, for 1(a) and 1(b), independently of one another, 
values from 0 ta 5 and are, for 1(c), independently of one another, 
values from 1 to 5^; 

wherein each andVeachR^ is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxy\ alkoxy, alkylthio, amino, or halogen; 



20 



wherein each R^, R"^, and R^, is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxy, alko^, amino, aryl, aralkyl, heteroaryl, or 
an amino acid side chain; 



25 



Y is a single bond, O, S, or NR"*; and 



X is O, S, Se, NR', CH2, or C(CH3)\ 
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rfierein R*^ is hydrogen, (Ci -C6)aikyl, hydroxy-, alkoxy-, amino-, or 
al^thio-substituted (Ci -C6)allcyl, hydroxy, alkoxy, alkyUhio, amino, 
arylWalkyl, heteroaryl, or an amino acid side chain; 



wherein eSich of R^, R^, and R^ is, independently, hydrogen, 

(Ci -C6 )alwl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 

(Ci -C6 )alkylv aryl, aralkyl, heteroaryl, or an amino acid side chain; 

wherein each of R^^ R^^ R^"^, R^^ R^^ and R*^ is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydro alkoxy, alkylthio, aryl, aralkyl, heteroaryl, or an 
amino acid side chain; 

wherein D is a protecting ^oup compatible with the conditions of 

\ * 1 8 

phophoester, phosphonamide^ or phosphonoester bond formation, R , or 
wherein E is O', a protecting or activating group compatible with ester, 

\ 20 20 21 20 

phosphoester, or phosphonoester boM formation, R , NR R , or OR ; 

wherein T is hydrogen, (Ci -C6)alkyl, hWoxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, hydro^, alkoxy, alkylthio, aryl, 
aralkyl, heteroaryl, or an amino acid side chiiin; and 



wherein each R^^, R*^,R^^, and R^^ is, independently, hydrogen, alkyl, an 
amino protecting group, a reporter group, an interValator, a chelator, a 
linker, a peptide, a protein, a carbohydrate, a lipid, asteroid, a nucleotide 
or olgonucleotide, or a soluble or nonsoluble polymer 
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52. The compound of claim 51, wherein D is a protecting group selected from t^ 
group consisting of DMTr, MMTr, Tr, TMDMS, or tetrahydropyranyl. 

53. The compound of claim 51, wherein E is O", OH, l-oxydo-4-metho>^-2- 
5 picolyloxy, phenoxy, 2-methylphenoxy, or 2-cyanoethoxy. 

54. The compound of claim 5 1 , wherein T is hydrogen. 

55. The compound of claim 57, wherein at least one of and is a nucleobase. 



10 



56. The compound of claim 61, wherein at least one o^^ and B^ is a naturally- 
occurring nucleobase. 



a 



15 57. A compound comprising the structure: 
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wherein ea^h B' and each B^ is, independently, H, a naturally occurring 
nucleoh^e, a non-naturally occurring nucleobase, an aromatic moiety, a 
DNA/mtercalator, a nucleobase-binding group, a heterocyclic moiety, or a 
reporter group, wherein amino groups are, optionally, protected by amino 
protecting groups; 



25 
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lerein each of A' and is, independently, a group of fonnula (la), (lb), 
or He); 
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wherein r W s are, for 1(a) and 1(b), independently of one another, 
values from (0 to 5 and are, for 1(c), independently of one another, 
values from \ \o5 \ 
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J. : s 
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wherein each and eachR^ is, independently, hydrogen, 
(Ci -C6)alkyl, hydro^Ky-, ajlWDxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxj^ flj^^y, alkylthio, amino, or halogen; 

wherein each R^, R"^, and R^, is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkWy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxy, alkoxj^ amino, aryl, aralkyl, heteroaryl, or 
an amino acid side chain; 



20 



Y is a single bond, O, S, or NR"*; anc 
X is O, S, Se, NR^ CH2, or C(CH3)2; 



25 



wherein R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, hydroxy, alkoxy, J^kylthio, amino, 
aryl, aralkyl, heteroaryl, or an amino acid side chain; 



wherein each of R^, R^, and R^ is, independently, hydrogef 
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CCi -C6 )alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Q -Ce )alkyl, aryl, aralkyl, heteroaryl, or an amino acid side chain; 

wherdin each of R^"*, R^^ and R*^ is, independently, hydrogen, 

(Ci -C^alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)aJkyl, hydroxy, alkoxy, alkylthio, aryl, aralkyl, heteroaryl, or an 
amino acia^ide chain; 

wherein G i^ydrogen, a protecting group compatible with the conditions 
of ester, amidei or phosphonoester bond formation or R^^; 

wherein E is O", protecting or activating group compatible with amide or 
phosphonamide boM formation, R^^, NR^V\ or 0R^°; 

wherein Q is O', a prote(cting or activating group compatible with the 
conditions of amide, esteff, phosphonoester, and phosphonamide bond 
formation or OR^^; \ / / / 

wherein T is hydrogen, (Ci -Ofc)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)allq(l, hydroxy, alkoxy, alkylthio, aryl, 
aralkyl, heteroaryl, or an amino aad side chain; and 

wherein each R^^, R^^,R^^, and R^^ isV independently, hydrogen, alkyl, an 
amino protecting group, a reporter groiro, an intercalator, a chelator, a 
linker, a peptide, a protein, a carbohydrare, a lipid, a steroid, a nucleotide 
or olgonucleotide, or a soluble or nonsoluBle polymer. 

The compound of claim 57, wherein G is a protecting gtoup selected from the 
group consisting of DMTr, MMTr, Tr, TMDMS, or tetranvdropyranyl. 



The compound of claim 57, wherein E is O", OH, or or OC 
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60. The compound of claim 57, wherein Q is O", OH, l-oxydo-4-methoxy- 
picolyloxy, phenoxy, 2-methylphenoxy, or 2-cyanoethoxy. 

5 61 . The compound of claim 57, wherein at least one of and is / nucleobase. 



62. The compound of claim 61, wherein at least one of B andB is a naturally- 



occurring nucleobase. 
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63. A compound comprising the structure 
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wherein ea^h B* and each B^ is, independently, H, a naturally occurring 
nucleob^e, a non-naturally occurring nucleobase, an aromatic moiety, a 
DNAymtercalator, a nucleobase-binding group, a heterocyclic moiety, or a 
renprter group, wherein amino groups are, optionally, protected by amino 
rotecting groups; 
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wherein each A' and each is, independently, is a group of formula 
(Ib),or(Ic); 
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wherein r and 5 are, for 1(a) and 1(b), independently of one another, 
values from 0 to 5 and are, for 1(c), independently of one another, 
values from 1 to 5; 
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wherein each and each is, independently, hydrogen, 

(Ci -C6)alkyl, hydroxy-, alkoxys amino-, or alkythio-substituted 

(Ci -C6)alkyl, hydroxy, alk(Mfy, alkylthio,, amino, or halogen; 



15 



wherein each R"^, R"^, R^, is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)alkyl, hwoxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino acid/ide chain; 



20 



Y is a single bond, O, S, or NR'*; and 



X i/O, S, Se, NR^ CH2, or C(CH3)2; 



25 



each R^ is, independently, hydrogen, (Ci -C6)alkyl, hydroxy-, 
amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, aralkyl, 
^teroaryl, or an amino acid side chain; 
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\herein is, independently, hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, 
amino-, or alkythio-substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkylthio, 
amin^ aryl, aralkyl, heteroaryl, or hydrogen, and is hydrogen, (Ci -Ce) 
alkyl, hVdroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl, 
aryl, aralWl, or heteroaryl; 

or R^ is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio- 
substituted (cV-C6)alkyl, aryl, aralkyl, or heteroaryl, and R^ is hydrogen, 
(Ci -Ce )alkyl, KVdroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -Ce )alkyl, hydtoxy, alkoxy, alkylthio, amino, aryl, aralkyl, heteroaryl, 
or halogen; \ 

wherein each R^is indep^endently, hydrogen, (Ci -Ce )alkyl, hydroxy-, 
alkoxy-, amino-, or alkytmp-substituted (Ci -Ce )alkyl, alkoxy, aryl, 
arylkyl, or heteroaryl; \ #\ 



wherein each R^^ and each R^^ is^mdependently, hydrogen, (Ci -C6)alkyl, 
hydroxy-, alkoxy-, amino-, or alkythio-substituted (Ci -C6)alkyl, aryl, 
aralkyl, heteroaryl, or an amino acid sule chain; 

wherein each R^^ R^^ R^^ R^^ R^^ and eVh R^^ is, independently, 
hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, Vnino-, or alkythio- 
substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkVlthio, aryl, aralkyl, 
heteroaryl, or an amino acid side chain; \ 

wherein T is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoV-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, hydroxy, alkoxy, alkVthio, aryl, 
aralkyl, heteroaryl, or an amino acid side chain; \ 

wherein each R'^ R*^R^^, and R^^ is, independently, hydrogerL (Cl- 
C6)alkyl, an amino protecting group, a reporter group, an intercaWor, a 
chelator, a linker, a peptide, a protein, a carbohydrate, a lipid, a steraid, a 
nucleotide or oligonucleotide, or a soluble or nonsoluble polymer; aim 
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« is 1 or greater. 



5 6^. The compound of claim 63, further comprising one or more oligonucleotide 
analogue monomers. 

65. \he compound of claim 64, wherein at least one of said one or more additional 
oligonucleotide analogue monomers comprises the compound of claim 1 or a 

10 phosp^hono peptide nucleic acid monomer. 

66. The compound of claim 65, wherein the ratio of claim 1 monomers to phosphono 
peptide nucPeic acid monomers is between about 1: 15 to about 5:3. 

15 67. The compound o\claim 63, wherein at least one B or at least one B is a 
nucleobase. 
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68. The compound of claim wherein at least one B or at least one B is a 
naturally-occurring nucleoWse. 

69. The compound of claim 63 hybiddized to a nucleic acid molecule. 

70. The compound of claim 64 hybridized to a nucleic acid molecule. 



25 71 . The compound of claim 63 bound to a S(^d support. 



72. The compound of claim 71, wherein said solick support comprises a polymer. 



73. The compound of claim 64 bound to a solid suppor 
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A compound comprising the structure: 
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wherein ^ch and each is, independently, H, a naturally occurring 
nucleobas^a non-naturally occurring nucleobase, an aromatic moiety, a 
DNA intercaMor, a nucleobase-binding group, a heterocyclic moiety, or a 
reporter group, wherein amino groups are, optionally, protected by amino 
protecting groups;\ 



wherein each of A' anoypach A^ is, independently, a group of formula (la), 
(Ib),or(Ic); 
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wherein r and 5 are, for 1(a) and I(b),\ndependently of one another, 
values from 0 to 5 and are, for 1(c), independently of one another, 
values from 1 to 5; 
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1 0 

mereineachR and eachR is, independently, hydrogen, 
(Q -C6)alkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(CiYC6)alkyl, hydroxy, alkoxy, alkylthio, amino, or halogen; 

whereki each R^, R"^, and R^, is, independently, hydrogen, 
(Ci -CeWkyl, hydroxy-, alkoxy-, amino-, or alkythio-substituted 
(Ci -C6)£Ukyl, hydroxy, alkoxy, amino, aryl, aralkyl, heteroaryl, or 
an amino Acid side chain; 
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Y is a single bond, O, S, or NR"^; and 



X is O, S, Se, NR^ CH2, or C(CH3)2; 
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wherein each R^ is hydro^^^Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -(j^)alkyl, hydroxy, alkoxy, alkylthio, amino, 
aryl, aralkyl, heteroaryl, or £m amino acid side chain; 
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wherein each R^, R^, and R^ is\ independently, hydrogen, 
(Ci -C6 )alkyl, hydroxy-, alkoxw, amino-, or alkythio-substituted 
(Ci -Ca )alkyl, aryl, aralkyl, heteroaryl, or an amino acid side chain; 
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wherein each R^^ R^^ R^\ R^^ R^^,Vnd R^^ is, independently, hydrogen, 
(Ci -C6)alkyl, hydroxy-, alkoxy-, ammo-, or alkythio-substituted 
(Ci -C6)alkyl, hydroxy, alkoxy, alkyltHjo, aryl, aralkyl, heteroaryl, or an 
amino acid side chain; 
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wherein T is hydrogen, (Ci -C6)alkyl, hydroxy-, alkoxy-, amino-, or 
alkythio-substituted (Ci -C6)alkyl, hydroxy,\alkoxy, alkylthio, aryl, 
aralkyl, heteroaryl, or an amino acid side cham; 
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^herein each R^^, R^^, R^^, and R^* is, independently, hydrogen, alkyl, an 

aino protecting group, a reporter group, an intercalator, a chelator, a 
lin^r, a peptide, a protein, a carbohydrate, a lipid, a steroid, a nucleotide 
or olgonucleotide, or a soluble or nonsoluble polymer; and 

n is onAor greater. 



75. The compound of c\aim 74, further comprising one or more oligonucleotide 
1 0 analogue monomers.) 
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76. The compound of clain\75, wherein at least one of said one or more additional 
oligonucleotide analogueimonomers comprises the compound of claim 6 or a 
phosponate peptide nucleio^acidjnonomer. 

77. The compound of claim 76, vJJkMn the ratio of claim 6 monomers to phosphono 
peptide nucleic acid monomer^is between about 1: 15 to about 5:3. 



78. The compound of claim 74, wher^n at least one B* or at least one is a 
20 nucleobase. 
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79. The compound of claim 78, wherein a\ least one B or at least one B is a 
naturally-occurring nucleobase. 



25 80. The compound of claim 74 hybridized to ^ucleic acid molecule. 



81 . The compound of claim 75 hybridized to a micleic acid molecule. 
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82. The compound of claim 74 bound to a solid support. 



83. The compoimd of claim 75 bound to a solid support. 
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A method of synthesizing the oligonucleotide analogue compound of claim 63, 
comprising: 

(aVcoupling a compound of claim 39 to a solid support to forai support-coupled 
compound; 

(b) deprotecting the teraiinal hydroxyl group of the support-coupled compound; 
and \ 

(c) coupling a comtoound of claim 39 to the support-coupled compoimd by 
forming a phosphonofliester bond to form the oligonucleotide analogue compound 
of claim 63; 

The method of claim 84, whe^in said coupling is catalyzed by 1 -(2,4,6- 
triisopropylbenzene-sulfonyl)-3 ^itro- 1 ,2,4-triazole. 

A method for synthesizing the oligonucleotide analogue compound of claim 74 , 
comprising: \ 

(a) coupling the compoimd of claim 51 to a s<^id support_to form a support- 
coupled compound; \ 

(b) deprotecting the terminal hydroxyl group of the support-coupled compound; 
and \ 

(c) coupling a dimer of claim 51 to the support-coupled compound by forming a 
phosphonate diester bond to synthesize the compoimd of claim 74^ 
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$7. The method of claim 86, wherein said coupling is catalyzed by 1- 
(2,4,6triisopropylbenzene-sulfonyl)-3-nitro- 1 ,2,4-triazole. 

88. Tnkcompound of claim 39, further comprising a covalently linked ethylene- 

contaming monomer unit capable of polymerizing with at least one other ethylene 
containinkmonomer unit. 
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89. The compound ^claim 88, wherein said ethylene-containing monomer unit is an 
acrylamide monomerunit. 

90. The compound of claimS^wl^^n said covalently linked ethylene-containing 
monomer unit is linked to saiascompound of claim 39 via a linker. 
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91 . The compound of claim 5 1 , further osmprising a covalently linked ethylene- 
containing monomer imit capable of pol^ijierizing with at least one other ethylene 
containing monomer imit. 

92. The compound of claim 91, wherein said ethylene\pntaining monomer unit is an 
acrylamide monomer unit. 

93. The compound of claim 92, wherein said covalently linked e&ylene-containing 
monomer unit is linked to said compound of claim 5 1 via a link^ 



25 



30 



184 



A method for detecting a nucleic acid molecule, comprising: 
providing a sample; 

contacting the oligonucleotide analogue of claim 39 with said sample 
under conditions that allow hybridization of nucleic acid molecules with 
oligonucleotide analogues; and 

detecting at least one nucleic acid molecule that is hybridized to said 
oligonucleotide analogue. 
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A method for separating, isolating, or purifying at least one nucleic acid molecule 
from a population of nucleic acid molecules, comprising: 

providing a population of nucleic acid molecules; 

contacting the population of nucleic acid molecules with one or 
more capture probes comprising at least one oligonucleotide 
analogue of claim 39 under conditions that allow hybridization of 
nucleic acid molecules with oligonucleotide analogues; and 

separating at least one nucleic acid molecule that is hybridized to 
said one or more capture probes from the members of the 
population of nucleic acid molecules that are not hybridized to said 
one or more capture probes. 

A method for enhancing or inhibiting the activity of an enzyme or cellular 
activity, comprising: 

providing a subject, sample, or solution comprising an enzyme or cellular 
activity; 

adding at least one oligonucleotide analogue of claim 39 to said subject, 
sample, or solution; and 

providing conditions xmder which the enzyme or cellular activity has at 
least one activity in the presence or absence of said oligonucleotide 
analogue. 



